C. GUYTON Fig. 1 . Vertical arrows separate the 3-day base-line period from the 7-day experimental period. Table 1 gives average values for all the data during the base-line and ex- there were no statistic
In sheep with 20 % increase in extracellular Auid volume, the arterial pressure increased steadily following the step increase in extracellular volume, and rose to 150 % of base line by the last 2 days of the experimental week (arterial pressure found that so long as the sheep did not receive enough averaged 141 % of base line during the entire experimental fluid to elevate their extracellular fluid volumes, DOCA week). The rise in arterial pressure in each of the highvolume sheep was well sustained. escape did not occur, and the animals continued to maintain their elevated sodium concentrations.
Average cardiac output on the last day of the base-line Note the very significant increases in plasma sodium concentration on all days of the experiment, but note also that the mean arterial pressure on any single day did not rise enough to be significant.
Yet, as shown in Table 1 , when the average arterial pressure during the entire experimental period is compared with the average arterial pressure during the entire base-line period there is an average rise in arterial pressure of 4 mmHg, a value that is very slight but significant.
Thus these experiments show that there was little or no effect on arterial pressure caused by marked increases in sodium ion concentration when the extracellular fluid volume was maintained near the normal level.
EJffect of Increased Exchangeable Sodium on Arterial Pressure
In both the high-volume and the high- [Na] experiments, the exchangeable sodium was increased in each type of animal during the experimental period-an average increase of 20 % in the high-sodium concentration sheep and an average increase of 21 % in the high-volume sheep. Despite this almost exactly equal increase in exchangeable sodium, the arterial pressure responses were entirely different, as summarized in Fig. 3 , Pressure rose 47 mmHg in the highvolume animals during the final 2 days of the experimental wk and only 7 mmHg in the high- [Na] animals. Since it was not possible to prevent a slight increase in the extracellular fluid volume in the high-sodium animals (as explained above), it is likely that the slight pressure increase that did occur in these animals was caused by increased volume rather than by a direct effect of the sodium on the peripheral resistance.
DISCUSSION
Both in experimental animals and in human beings a prolonged increase in total exchangeable sodium is usually associated with hypertension.
Though most research workers have recognized that the increase in extracellular fluid volume that is usually associated with increase in exchangeable sodium is one of the factors that causes hypertension, sodium might also have the direct effect of increasing total peripheral resistance and that this might be the important factor in hypertension (3, 18) . Therefore, the goal of the present studies was to determine the relative importance of sodium-induced volume changes versus nonvolume-dependent effects of sodium in the causation of hypertension.
The results were very clear, especially as illustrated in Fig. 3 A possible criticism of these studies is that the animal models are not exactly comparable-the hypervolemia was achieved in totally nephrectomized animals while the hypernatremia was achieved in unilaterally nephrectomized animals. In view of the fact that many investigators have suggested that kidneys exert nonexcretory, hypotensive functions (5, 14, 17, 19) , and since sodium seems to play a role in the release of prostaglandins and other renal hormonal substances (13, 15, 16) , it is possible that the failure of the pressure to rise in the hypernatremic animals was due to the presence of the remaining single kidney. However, there are several reasons to doubt this. The most important is that numerous studies have shown that hypertension of approximately the same magnitude as that produced in the present experiments occurred in partially nephrectomized dogs that were salt loaded and in which the volume increased without increase in sodium ion concentration (4, 7, 12) . In other words, the presence of normal renal tissue did not prevent the hypertension in these animals when the volume increased. On the other hand, in the present studies the pressure did not increase when there was increased sodium load without increased volume. Therefore, it is our belief that the presence of kidney tissue did not play a significant role in these experiments.
We conclude from these experiments that increased sodium ion concentration has little, if any, nonvolumerelated effect on arterial pressure, while sodium-induced fluid-volume expansion has the very marked effect of elevating arterial pressure. there has been a strong belief as well that the increased
